by correcting crooked postures, enabling the treatment of injured body parts without forcibly irritating them. In particular, Pilates helps to identify, strengthen, and stimulate small muscles in the body, strengthening the core (lumbar, abdomen, pelvic floor) or the center of the body and creating good posture (Jeon, 2007) .
In addition, since Pilates is an individual body-based exercise, it has an advantage in that exercise load can be controlled according to the body's center of balance. Furthermore, Pilates is a low to intermediate intensity exercise that can be easily performed by the elderly. It is designed to include a combination of muscle strengthening exercises and aerobic activity to develop muscle strength and flexibility (Kim, 2005) , and is regarded as easy to perform anywhere.
With the increasing interest in Pilates in recent days, various studies involving Pilates have been conducted in South Korea. According to studies by Kim (2005) and Hur (2008) , Pilates mat exercise was found to have positive effects on physical fitness and health, and Pilates mat exercise programs have been reported to be effective in improving flexibility (Hwang, 2008; Lee, 2006) .
Although a variety of studies on Pilates has been conducted, studies investigating the effects of Pilates on dynamic balance while walking and static balance while standing are scarce for the elderly.
Therefore, it is necessary to quantitatively examine the effects of Pilates exercise on dynamic balance while walking as well as on static balance associated with postural control in the elderly.
The present study aims to quantitatively examine the effects of an 8-week Pilates exercise program on both dynamic balance and static balance in elderly individuals who participated in the Healthcare Project
Program at S University in B Metropolitan City and to verify the effects of Pilates exercise on improving balance in elderly individuals.
METHODS

Participants
The present study involved a single group with a pre-and postexperimental design and no control group. The subjects were 10 elderly individuals (Gender: 3 male and 7 female, Age: 67±3.3 yrs, Height:
157.1±11.9 cm, Weight: 61.7±8.0 kg) who participated in the Senior Healthcare Project exercise program at S University in B City and were selected by convenience sampling.
Measurements
Postural balance is the ability to maintain the center of gravity with minimal postural sway within the base of support. This includes static and dynamic balance control, which can be used to determine the balance ability. Static balance ability is the ability to maintain an upright position in space against gravity on a fixed base of support, while dynamic balance ability is the ability to maintain an upright position without falling while the body is moving (Duncan Studenski, Chandler, Bloomfeld & Lapointe, 1990) . Therefore, in the present study, measurements were performed using 1) the vestibular test and 2) the dynamic balance test.
1) Vestibular test
In the present study, the vestibular test was performed in four ways.
First, each subject was asked to stand still on the force plate of the balance measuring equipment (Gaitview AFA-50; alFOOTs Co., Ltd., Korea) for 20 seconds with eyes open to measure the body's sway distance.
The body's sway distance was measured again after the subject fixed their eyes on a marker attached to the front wall at an angle of 15°. The balance measuring equipment is shown in (Figure 1) . The balance measuring test and the movements of the center of balance are shown http://e-kjsb.org in (Figure 2) . Second, the subject was asked to stand still on the balance measuring equipment for 20 second with eyes closed and the body's sway distance was measured using the equipment.
Third, the subject maintained a single-leg stance on the balance measuring equipment for 10 seconds with eyes open while the postural swing distance was measured. The measurement was conducted with the eyes open and fixed on a marker attached to the front wall at 15°. Fourth, each subject maintained a single leg stance on the equipment for 10 seconds with eyes closed while the postural swing distance was measured using the balance measuring equipment. (6) Length/ENV Refers to the total length/envelop area (ENV), and the value is higher with greater stability.
2) Dynamic balance test
Two test tools, specifically the 5 m habitual and maximum walk test and the 3 m tandem walk test were used to test the dynamic balance of the elderly subjects in the present study.
(1) 5 m habitual and maximum walk (sec)
The 5 m habitual and maximum walk test is a gait performance measuring method used to measure lower extremity muscle strength and balance ability in the elderly (Shinkai et al., 2000) . The detailed procedure is as follows (Figure 3 ).
-Each subject was asked to walk along a 5 m line, used as the measurement section, with an extra 1 m line on each end.
-The total walk time was measured starting from the time when part of the subject's lower limb reached the measurement starting point (1 m point) to the time when part of the subject's lower limb reached the measurement end point.
-Two measurements were conducted at a normal gait, and two measurements were conducted at a fast gait.
(2) 3 m tandem walk (sec)
The 3 m tandem walk test is a method used to measure the coordination of muscle activity and the ability to predict changes with regard to unstable responses (Nevitt, Cummings, Kidd & Black, 1989) . The detailed procedure is as follows (Figure 4 ).
-After drawing a straight line with a length of 3 m on the floor, each subject was asked to walk along the 3 m line as fast as possible while -Each subject was asked to stand on the starting line with both feet together and to wait for a start signal. When the start signal was given, each subject was asked to walk at a maximum speed over the straight line while touching the toe of one foot to the heel of the other foot and touching the heel of the back foot to the toe of the front foot.
-The measurement ended when a subject stepped on the finish line.
-The number of times the subject's hand touched the wall, the subject did not touch the toe of one foot to the heel of the other, and the subject lost balance were counted and recorded as the number of errors.
-A total of two measurements were conducted. (Table 1) .
Statistical analysis
Statistical analysis of the data collected in the present study was per- 
Dynamic balance
The results for the 5 m habitual and maximum walk test and the 3 m tandem walk test performed to measure dynamic balance in the elderly subjects who participated in the 8-week Pilates exercise program are as follows.
1) 5 m habitual and maximum walk
The results for the 5 m habitual and maximum walk test performed to measure dynamic balance in the elderly subjects are shown in (Table   6 ). In the 5 m habitual walk test, there was a statistically significant change in dynamic balance from 5.11±0.76 sec before the exercise to 3.39±0.70 sec after the exercise (t=9.135, p=.000***). In the 5 m maximum walk test, there was also a statistically significant difference in dynamic balance from 3.50±0.28 sec before the exercise to 2.59±0.61 sec after the exercise (t=5.581, p=.000***). 2) 3 m tandem walk (Table 7) shows the results for the 3 m tandem walk used to measure dynamic balance in the elderly subjects. Comparison of the results before and after the 8-week Pilates exercise program showed a statistically significant change in dynamic balance from 14.11±3.89 sec before the exercise to 8.19±1.52 sec after the exercise (t=5.436, p=.000***).
DISCUSSION
Static balance
The aspects of balance related to gait and falling in the elderly can be defined as static balance and dynamic balance. Static balance is the ability to maintain balance while adopting a certain posture and relies on the ability to maintain the center of gravity within the base of support, thus maintaining a position without postural sway. Dynamic balance is the ability to maintain postural balance while the body is moving, and relies on the ability to maintain the desired position by maintaining the center of gravity within the base of support while the body is moving. These balance abilities are affected by physical ability decline due to aging. Static balance ability is well maintained until the late 70's, whereas, dynamic balance ability decreases rapidly after the 60's (Kang, Jeong & Jeon, 2001 ).
The reasons for impaired postural balance and impaired balance are known to be impaired sensitivity in the visual, vestibular, and somatosensory systems and the deformation of the body caused by muscle strength decline, impaired sensory system, and slowdown of the central nervous system activity involved in the maintenance of posture. However, it is not known whether this decline is caused by a single system or a complex interplay of various systems (Brocklehurst, Robertson & James-Groom, 1982) . It is assumed that the contribution of different systems varies depending on the task (Maki & Whitelaw, 1993 (Oak, Kim & Im, 1999) . This supports the observation in the present study that exercise resulted in positive changes in all indicators of static balance in the elderly subjects after an 8-week Pilates exercise program.
Previous studies on risk factors such as falls and balance in the elderly reported that the increased frequency of falls in older adults is associated with increased response time, decreased coordination of the central nervous system and decreased contraction of the muscles that maintain balance (Woollacott, Shumway-Cook & Nashner, 1986) . Other researchers have reported that this phenomenon may occur because of the decline in vestibular functions responsible for balance with age (Cohen, Heaton, Congdon & Jenkins, 1996; Fujii, Goto & Kikuchi, 1990) .
Decreased balance and increased sway together with gait sway are considered the leading predictors of falls in the elderly (Maki, Holliday & Topper, 1994) . As age increases, movements that are essential for daily activities become less effective due to decreased balance, resulting in constrained movement. Therefore, it is very important for the elderly to maintain proper postural balance in daily life (Kim, 2000) . It was reported that regular physical activity reduced physical sway in the elderly, improving postural stability, and that physical sway was reduced in elderly adults that exercised regularly for more than 15 minutes per day compared with those who did not exercise (Brooke-Wavell, Prelevic, Bakridan & Ginsburg, 2001) , which supports the results of the present study.
Based on the argument that the vestibular systems play an important role in the deterioration of the somatosensory and visual systems of elderly individuals (Nashner, Black & Wall, 1982) , the decrease in balance associated with aging may be caused by the aging of the vestibular system. Considering that balance ability was found to be improved after
Pilates exercise, it can be concluded that as age increases, physical activity does not have an independent effect on vestibular function, but is effective in maintaining the body's balance ability by improving the response speed of the somatosensory and central nervous systems.
Pilates is a low intensity exercise that can be easily performed by the elderly to strengthen muscle, improve aerobic activity, and develop flexibility. Thus, Pilates is considered to improve balance in the elderly, thereby contribute to the prevention of falls.
Dynamic balance
Gait is the most common and easily accessible indication of mobility in daily life, and is closely related to balance and falls in the elderly (Bae et al., 2016) . Gait requires balance, adequate muscle strength and endurance as well as the coordination of body segments. In the present This is thought to be due to individual differences in balance ability.
However, there were statistically significant positive changes in length/ ENV in the one-leg stance. These results suggest that the Pilates exercise improved the response speed of the central nervous system, thereby improving the body's balance ability.
2. The Pilates exercise program showed statistically significant differences in the 5 m habitual and maximum walk test and the 3 m tandem walk test in terms of the dynamic balance domain. These results suggest that Pilates exercise might improve overall gait function. Regular
Pilates exercise may be effective in preventing falls and enhancing the quality of life for elderly individuals by increasing their proprioceptive ability and gait function.
